FOR just over six years I have been conducting a clinical investigation on the uses of the cutting current in the ordinary work of a general surgeon. The bulk of this work has been done in its application to radical operation for. operable cancer of the breast, but this has led to numerous other uses, and I am more than ever convinced, since I recently used the Cushing-Bovie machine, that we are now only on the margin of its field of application. This investigation originated in September, 1923. While on a visit to Stockholm I saw at the Radium Institute, presided over by Dr. Gosta Forssell, radical excision for breast cancer by the arc cutting current, and certain problems came immediately to my mind which appeared to demand trial and investigation. The method seemed to me to be technically sound and to give us an addition to our armamentarium in our attempt to combat dissemination of the cancer cell. As I saw it, however, it seemed to have certain distinct disadvantages. An unnecessarily wide area of skin was excised and a large opei granulating wound was left, which took several months to heal. On the other hand, the extent of operative procedure was not so wide as we practise with scalpel excision. I felt sure that in this country, patients would be unwilling to submit to a method entailing such protracted convalescence, and our beds and staff would be taxed in dealing with them. I also felt sure that unless primary union could be obtained, the method would be condemned and cast aside, and the first problem that should be settled was: Can we still use the method and obtain primary union? I was fortunate in the fact that the first instrument placed at my disposal, narnely, the Schall apparatus, has proved, until recently, by far the most efficient arc cutting instrument that I have tried. I have since investigated at least ten other instruments, all reputed to cut well, and I have been continually disappointed with their action on living tissue, although frequently the effect appeared quite good on dead flesh. The Cushing-Bovie apparatus, which I tried ten days ago (and of which I will speak later) appears, however, to give a more accurate and efficient cutting current. It certainly has a much wider range of application and I have every reason to believe that the healing will be equally good.
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We first tried the method on dead flesh (bovine and human), then went on to excise a simple tumour from the breast, and obtained primary union, and from that straightaway performed a complete radical Halstead operation for breast cancer, except that I dissected the axillary portion, near the-vessels and nerves, with the knife. In this case I obtained perfect primary union without drainage. Since then I have used the method in nearly one hundred cases of radical excision of breast cancer, and primary union has been the rule. In only a relatively small number have I found any delay or difficulty in healing. In fact these cases have had a very much shorter stay in hospital than those in which the operation was performed with the knife.
When I came to investigate those cases in which there was delay in union, I could, in almost every case, associate them with some little technical inefficiency. in the instrument, owing to which there was more coagulating current and less arc cutting, with consequent delay in the healing process, that is to say, there was more dehydration.
Considerable diversity of opinion still appears to exist among electrical experts as to the exact nature of the various types of currents produced by various diathermy machines, but I think that to-day we understand a little more about how these currents act. The small Schall machine produces an excellent cuttingarc, with an average of a tenth of a millimetre of dehydration, as measured by photomicrographs of the tissue. The frequency is high, probably over a million. It can be used as a coagulating current when the contact is made before the current is turned on. Depth of dehydration can only be regulated by using different electrodes, or by contact current. The heavier the electrode, the deeper the dehydration, and the more rapidly the active electrode is working, the lighter the dehydration.
In the more modern apparatus now at our disposal we shall probably be able, with a little experience, to regulate accurately for the different tissues, the amount of dehydration and the rapidity of cutting, because in this apparatus we have a variable current giving a scale of power, a scale of voltage, and a scale of dehydration. With the small Schall apparatus I have been unable to dissect in the neighbourhood of the larger nerves on account of the jerking and twitching produced. These are probably due to "undertones." Whether these are directly produced from -he machine, or whether they are induction currents, it is as yet difficult to say. That induction currents are produced is almost certain, as we have found during errors in our technique by which we got monopolar cutting when the-patient and machine were heavily insulated.
THE USES OF THE DIATHERMY CUTTING CURRENT FOR THE GENERAL SURGEON.
Biopsies.-For all biopsies I use a diathermy cutting current. I think it eliminates the risk of manipulative spread of the cancer cells which is always in one's mind when one does an ordinary biopsy with the knife. This has led me to perform biopsy more frequently than I previously did and even in cases in which radium is to be used, we can complete the academic picture without increasing the risk to the patient. When the tumour is large I use circumvallation and then cutting current excision. When it is small, circumvallation is liable to interfere with the histological appearance of the section.
Cancer of the Breast.-I have used the method in almost a hundred cases. I fully realize that no end-results of real value can be given until at least eight years have elapsed, but up to the present we have had only two cases which have shown local recurrence, apart from general carcinomatosis. There has been no case of secondary bhamorrhage and no marked protein shock. There is less post-operative pain and much less post-operative shock (capping of nerves); healing has proved more satisfactory, stay in hospital has been lessened, and recurrence of the disease is, to date, definitely less frequent. In inoperable cancer of the breast one frequentlv removes an inoperable tumour for the comfort of the patient, and one has been struck with the absence of that lighting-up of the disease which ordinary operative procedure so frequently appears to stimulate.
The Bladder.-I use this method for excision of all tumours of.-the bladder, and cystoscopic control has proved that bealing is particularly good in this area; in fact the suprapubic knife-wound is always more obvious than the site of a diathermy excision.
Prostatectomny.-After the ordinary open operation of Thomson-Walker I have found the diathermy current a great advantage, as compared with suture or ligature, in producing hwmastasis. I also find it useful to " titivate " a prostatic bed. In cases of small fibrous prostate I have used both coagulating and cutting current for partial prostatectomy and to allow the central application of radium. In none of these cases has there been any marked degree of secondary haemorrhage.
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Cancer of the Tongque.-For removal of the tongue we are commencing a series of different types of operation as a control: (1) A barrage of radium needles alone;
(2) electro-coagulation of growth combined with a barrage of radium needles;
(3) excision by cutting current; (4) excision by electro-coagulation. In all excision cases we perform a primary laryngotomy and thoroughly pack the naso-pbarynx.
We find that this procedure has diminished our mortality and made the risk of operative procedure almost negligible. The absence of post-operative complicationsfor example, infective pneumonia, post-operative pain, and haemorrhage-has been very striking. In the majority of these cases the patients get up on the second or third day and leave hospital within ten days. We now operate by this method as a palliative procedure for the comfort of the patient in many cases of cancer of the tongue which we would not formerly have dared to touch, from the point of view of primary operative risk, occupation of hospital beds, or lengthened convalescence. We use this method for the majority of skin tumours and for tumours of the lip and mouth. That I have not made the application wider (for example, to the abdomen, and to tumours of brain and lung) has probably been due to two causes: first, my feeling that we cannot afford to experiment until we are relatively certain; and second, that up till now we have not had apparatus available by which we could sufficiently regulate the action of the current on the tissue concerned.
CRITICISMS.
My colleagues often say: "But it is not a bloodless operation." It is not intended to be a bloodless operation. Wbat we claim is that less than half the amount of blood is lost than is lost in operation by the knife. If we use a coagulating cutting current we can secure a bloodless operation, but we capnot then expect to get per primam healing. There are two types of operation to be considered. When we are cutting through relatively safe tissue and simply attempting to prevent manipulative spread of the cancer cell, the arc electrode with its tenth of a millimetre of dehydration is sufficient to prevent dissemination, by sealing all the lymphatic vessels. At the same time this prevents all capillary bleeding. In this case all major vessels are taken with forceps and sealed by electro-coagulation. When it is necessary to cut near the tumour, in what we might call the dangerous area, electro-coagulation contact cutting is to be preferred, as one's first aim must always be to deal with the disease rather than to consider the healing. A considerable number of cases have been reported in which the healing was bad and the edges of the wound showed sloughing. With these cases also I am familiar, and they have always been associated with a machine which is not working properly, or with deficient technique, that is to say, coagulation was too deep and dead tissue was left which the natural process of repair could not overcome.
Why then is this method not in more general use? There remains in this country and probably in others, at least if one is to judge by the literature, considerable uncertainty as to what these currents do: their exact nature, their effect on tissue, the different currents produced by different machines, and how exactly to apply the currents to different types of cases and to different tissues. There appears to be a lack of liaison between the electro-therapeutist, the surgeon, and the physicist or electrical expert who designs and builds the machines. Speaking for the surgeon, and for myself in particular, I find myself still grossly ignorant of many of the electrical problems in surgical diathermy. I find that many surgeons wish to establish the method in their clinics, but they find difficulty in procuring an efficient machine which will give a uniform output. For example, with alternating current, until recently, I have been unable to get efficient results. It appears to me, therefore, that until we get some real standardization of machines, surgical diathermy will not take the place in this country which efficiency demands. I find that the surgeon is zealous for his surgical material and unwilling to hand it over to the electro-therapeutist for what he considers experimental purposes, with the result that often the surgeon is using an apparatus which does not do his work properly, and the electro-therapeutist is confined in his activities because he has not the clinical material at his disposal. The result is that there is no one to tell the physicist exactly what is required, and the fact remains that in Europe we appear to have produced very few, if any, machines which give a good cutting current. I feel that if real team work could be obtained, some uniformity of apparatus could be assured, and until that is done uniform results are almost impossible.
When we read of Harvey Cushing's successes in removal of unencapsuled brain tumours, we can realize the possibilities of the method.
At the moment there is a remarkable wave of radium research. I think that this is right, and will lead to an exact definition of its potentialities and deficiencies, but the plea I make is that we should not lose al:l sense of proportion, and should realize that until we have some specific agent for the treatment of the cancer cell, we must use not one, but all the means in our power to prevent its dissemination.
For the investigation of surgical diathermy, its efficiencies and deficiencies, I would suggest the cooperation in research of a physicist, a biochemist, a surgeon, a histologist and an electrical expert. There are all kinds of problems requiring investigation. For example, what is a spark or arc? What is its exact effect on tissues ? Does it affect staining reagents by electrical means ? What is the effect of the electrical current on local anasthetics impregnating a wound ? Is the process of the cutting current a stream of electrons hurling tissue aside ? Is it not possible that the size, shape and position of the indifferent electrode and its distance from the active electrode, may influence in some degree the exact uniformity of results ? It seems to me that in the cutting current the type of active electrode influences the angle of incidence from the current more than anything else does. The finest cutting we have obtained was from a fine scalpel blade, the next from a fine needle, the next from a thicker needle of the darning type and 'the last from the heavy electrode, These electrodes and adjustment of spark-gap were the only methods by which, in a Schall machine, we were able to control our depth of dehydration.
With regard to the examination of histological changes occurring in the cells after the use of the diathermy current, I would like in the near future, to make a series of sections by immediate freezing, instead of by the prolonged hardening method which we have used up till now. It is just possible that in the ordinary process of preparation, certain chemical changes take place in the cells, altering them in appearance, so that it is difficult to say which of these changes are due to the diathermy'current and which to the chemical process.
We have, as I have said, recently tested the new Cushing-Bovie. machine, which appears to be a long way ahead of anything we have yet tried. It gives efficient cutting, coagulating, and desiccating currents, all of which can be regulated and inter--,'Section of 'Electro-Tlierapeutic's ' 807 which was used for sealing vessels. Most of the work was done at 35%. The fat was cut at 30%, fine dissections at 20%, and fine skin-M6rking at 2W%.
Dr. Norman Dott tells me that he is getting efficient cutting current from the new portable Wappler machine, and that with this he is able to vary the current over considerable range. I have not yet been able to confirm this, but I know that Dr. Dott has familiarized himself with this machine while on a recent visit to America. I find that fine dissection is most accurately carried out by using the.electrode as one would do a pencil in sketching. Operation on Face (living subject).-30% of power with low voltage and low dehydration. Discussion.-Dr. G. B. BATTEN said that at the present time, unlike the position in the early days of radiology, the knowledge of these high-frequency currents " danmped " and "undamped" was, thanks greatly to the development of " wireless," immediately available.
OBSERVATIONS
It required only the demand to bring forward the knowledge possessed by teams, to design really efficient and perhaps portable diathermic -machines. Mr. Anderson's work should quickly create such a demand.
Dr. ALBERT EIDENOW said that during the past six months he had attempted to design a surgical diathermy apparatus. There were many difficulties in the making of these apparatus, since the current used was a resonant current, and it was difficult to obtain a high capacity with high voltage current (i.e., 20-30 k.v.) and high frequencies in the nature of 1-2 million per second. All apparatus should be supplied with a voltmeter and a meter to measure oscillations directly; this was a great necessity, as otherwise it was impossible to determine the value of the present diathermy machines. The electrical measurements of many machines were very vague, and so far, the only guide to their efficiency had been based on clinical trial. No progress could be made with such apparatus until the electrical energy and measurements had been correctly determined.
Mr. E. W. RICHES said he had seen Mr. Anderson carry out a radical excision of the breast by this method in 1926, and had been impressed by its many advantages, particularly in the small amount of bleeding and the neat and rapid way in which bleeding points which had to be picked up, could be sealed off. Mr. Anderson had at that time also shown a number of cases of breast amputation performed by the cutting current, and in all of these the scar was sound and supple. The method had subsequently been tried fairly extensively at the Middlesex Hospital by different surgeons, using the same type of ipachine as in Dundee. At first a Bard-Parker knife was used as the active electrode, but he (the speaker) was doubtful if this was the best type; it soon became covered with a charred coagulum which had to be scraped off. In answer to Mr. Anderson's question as to why the method was not more in use, he suggested the following reasons: (a) There was a certain variability in the working of the machine, as well as a variability in different patients; it was never so good in a fat patient. If the electrode happened to stick in one place, it produced a slough, and that prevented primary union. (b) Even in cases in which everything went well, there was some delay in healing; these wounds took about two days longer to heal than those made with a knife. (c) If costal cartilage were cut, it underwent necrosis; all surgeons did not realize the necessity of avoiding the costal cartilages. The large machine which had just been demonstrated performed its work well on dead tissues, but smaller and less expensive machines would do the same thing. He wondered whether the specific advantages claimed for this machine justified its increased cost.
Mr. ANDERSON (in reply) said that he had ceased to use the Bard-Parker knife as the active electrode because it was difficult to insulate and did not give so fine a cutting section as the platinum knife. He believed that the charred coagulum mentioned by Mr. Riches was mainly due to a mixed current coming from the machine and not really the fault of the knife itself. There was no doubt at all that the Cushing-Bovie machine constituted a great advance on any machine previously seen in this country, but whether its advantages justified the considerable increase in cost remained to be proved by clinical investigation.
